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Abstract 
Debris flows have become a common disaster in Taiwan in recent years since the impacts of extreme weathers has been aggravated. 
To protect people from the debris-flow disasters, a monitoring and warning system was developed by Soil and Water Conservation 
Bureau (SWCB) in Taiwan. The rainfall-based criteria are used in Taiwan for debris flow warning. Different to rainfall 
measurement, the ground surface vibrational signal from a debris flow has been studied more widely in recent years. Sensors of 
geophone (short period seismograph) and broadband seismograph are commonly used for debris flow monitoring. In this paper, 
the signal analysis of debris flows was performed by calculating the vibrational energy. The comparison of the analysis results 
indicated that when the energy ratios of at least two of the axes are greater than 1.12, a debris flow is highly likely to occur. The 
starting point in the increasing trend of vibrational energy implied the possible warning time point for debris flow. Vibration 
examples of debris flow and earthquakes were also compared in this paper. 
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1. Introduction
According to World Bank reports (Dilley et al., 2005), Taiwan is classified as a high-risk area of many types of 
natural hazards. Among the natural hazards, the slope-related hazards, landslides and debris flows, are the two most 
serious disasters to people in Taiwan (Huang et al., 2016). With the increasing impacts of climate change and extreme 
weathers, Taiwan has suffered more from seasonal heavy rainfalls and typhoons than usual. To protect people from 
the impacts of debris flows, Taiwan government, Soil and Water Conservation Bureau (SWCB), started to build debris-
flow monitoring stations and a warning system since 2002. Currently there are 19 debris-flow monitoring stations in 
Taiwan. Most of the stations are located in central Taiwan. 
The warning system developed by SWCB for debris-flow disasters was primarily based on the estimation and 
prediction of rainfalls. The warning model was derived from researches in which the rainfall was widely used as the 
major triggering factor for debris flows (Jan et al., 2003; Jan and Lee, 2004; Lee 2006). The measurement of rainfall, 
however, is an indirect measurement of debris flows (Huang et al., 2013). The rainfall warning is useful for disaster 
response but usually results in "false alarms”. Another measurement used to identify the occurrence of debris flows 
was to apply geophone (short period seismograph) and broadband seismograph (Chu et al., 2014; Huang et al., 2012), 
which are direct measurements of debris flows (Huang et all, 2013). Geophones and broadband seismographs detect 
the ground surface vibrations generated by the movement of a mixture of rocks, gravels, and soil within a debris flow. 
The vibration signals of debris flows cases in Shenmu, Taiwan, were used and analyzed in this paper to discuss the 
characteristics of debris flows. The energy of debris-flow vibrational signals was the focus of discussion in this paper. 
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2. Study Area and Case Histories
The Shenmu Debris-Flow Monitoring Station is located at the Shenmu Village in central Taiwan, where debris
flows frequently occur (Lee et al., 2014). The local village is adjacent to the confluence of three high-potential debris-
flow torrents: Aiyuzi Stream (DF226), Huosa Stream (DF227) and Chushuei Stream (DF199). Table 1 summarizes 
the environment of the Shenmu area and Fig. 1 shows the terrain of the three aforementioned streams. The length of 
streams and catchment areas are summarized in Table 2, as well as the landslide areas at Shenmu area after 2009. In 
Shenmu, the debris flows commonly occurr at the Aiyuzi Stream due to its shorter length and large landslide area 
located in its upstream (Huang et al., 2013). Some of the debris flows that happened in the Aiyuzi Stream, along with 
other debris flows that transpired in the Shenmu area, were considered for this paper. Table 3 contains a list of debris-
flow occurrences in the Shenmu area. 
Table 1. Environment of Shenmu Monitoring Station (Huang, et al., 2013) 
Location Shenmu Village, Nantou County Debris Flow No. DF199, DF227, DF226 
Catchment Zhuoshui River Streams Chusuei, Huosa, Aiyuzi 
Debris Flow Warning Threshold 250 mm Hazard Type Channelized debris flow 
Monitored Length 5.518 km Catchment Area 7,216.45 ha (Shenmu) 
Geology Neogene sedimentary rock Slope at Source 30~50° 
Landslide area Large, 1%≦ landslide ratio ≦5％ Sediment Average debris material size: 3”-12” 
Vegetation Natural woods, medium sparse Damaged by debris, overflow 
Engineering Practice None Priority of Mitigation High 
Station Elevation 1,187 m Coordinate (TWD97) X: 235367    Y: 2602749 
Protected Targets 
Residents Facility Transportation 
> 5 households school roads, bridges 
(a)  (b) 
Figure 1. The terrain (a) and landslide areas (b) of Shenmu area. (Lei et al., 2014) 
Table 2. The landslide area in Shenmu after 2009 (Huang, et al., 2013) 
Debris Flow No. Stream Length (km) Catchment Area (ha) Landslide Area (ha) 
DF199 Chusuei Stream 7.16 861.56 33.29 
DF227 Huosa Stream 17.66 2,620 149.32 
DF226 Aiyuzi Stream 3.30 400.64 99.85 
Yi-Min Huang/ 7th International Conference on Debris-Flow Hazards Mitigation  (2019) 
Table 3.  Debris flow hazard history of Shenmu (after Huang, et al., 2013) 
Date Event Location (stream) Occurrence Hazard Type 
2004/6/11 - Aiyuzi 16:42 debris flow 
2004/7/2 Typhoon Mindulle Aiyuzi 16:41 debris flow 
2005/7/19 Typhoon Haitang Chusuei, Aiyuzi - flood 
2005/8/4 Typhoon Matsa Chusuei, Aiyuzi - flood 
2005/9/1 Typhoon Talim Chusuei, Aiyuzi - flood 
2006/6/9 0609 Rainfall Chusuei, Aiyuzi about 08:00 debris flow 
2007/8/13 0809 Rainfall Chusuei - flood 
2007/8/18 Typhoon Sepat Chusuei - flood 
2007/10/6 Typhoon Krosa Chusuei - flood 
2008/7/17 Typhoon Kalmaegi Chusuei - flood 
2008/7/18 Typhoon Kalmaegi Aiyuzi - flood 




16:57 (debris flow) 
landslide, debris flow 
2010/9/19 Typhoon Fanapi Huosa - flood 
2011/7/13 - Aiyuzi 14:33 debris flow 
2011/7/19 0719 Rainfall Aiyuzi 03:19 debris flow 
2011/11/10 1110 Rainfall Aiyuzi 13:17 debris flow 




2012/5/20 - Aiyuzi 8:15 flood 




2012/6/11 0610 Rainfall Chusuei 17:08 flood 
2013 0517 Rainfall Aiyuzi 07:02 (May 19) debris flow 
2013 Typhoon Saulik Aiyuzi 06:54 (July 13) debris flow 
2013 Typhoon Trami Aiyuzi 22:41 (Aug. 21) flood 
2014 0520 Rainfall Aiyuzi 12:53 (May 20) debris flow 
2017/6/01 0601 Rainfall Aiyuzi 11:40 (June 02) debris flow 
3. Shenmu Debris-Flow Monitoring Station
The Shemu monitoring station includes sensors and instruments including a rain gauge, water level meter, wire 
sensor, soil water moisture sensor and CCD camera. The station has a data center to receive and transmit debris-flow 
information from the site to the emergency operation center (EOC). Fig. 2 shows the monitoring layout at Aiyuzi 
Stream and the other two streams. Among these sensors, the rain gauges measure the rainfall, a major cause of debris 
flow, in real-time manner and are usually used for warning criteria. The wire sensors, geophones and broadband 
seismographs function as indicators when a debris flow actually occurs. Unlike the other sensors, the CCD camera is 
used for identifying, in real-time, if a triggered warning is a "false alarm" or a real debris flow. The camera is also 
used to capture images of the debris flow. 
Figure 2.  Shenmu Debris-Flow Monitoring Station, Shenmu, Nantou, Taiwan. 
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4. Characteristics of Vibration Signals
The events in Table 4 were used for signal analysis and discussion in this paper. Two earthquake events were 
included in order to compare the signal characteristics with those of debris flows. The signal was studied and analyzed 
by means of time-series data (original velocity records), Fast Fourier Transform (FFT), and Gabor Transform (Huang 
et al., 2016). Typical vibrational signal in the time-domain is illustrated in Fig. 3. The vibrational signal of Hualien 
Earthquake event is shown in Fig. 4. It is noted that the signal patterns of debris flow and earthquake are different. 
Earthquake signals had more apparent and intensive responses than a debris flow in the low frequency range (i.e., less 
than 5 Hz). This is because an earthquake usually generates stronger energy and the vibration propagates a longer 
distance than a debris flow. 














Used for analysis 
(G or BS)**** 
2011 1110 Rainfall 17 1.77 13:18 13:29 Y medium G 
2012 0504 Rainfall 11.5 NA NA 16:09 Y small G 
2013 0517 Rainfall 45.5 NA NA 07:02 Y medium G 
2013 0530 Heavy Rainfall 15 ~1.0 NA ~15:24 Y small BS 
2013 Typhoon Saulik 51.5 8.52 6:47 6:54 Y large G & BS 
2014 0520 Heavy Rainfall 39.5 4.87 NA*** 12:53 Y 
medium to 
large 










NA NA NA NA N NA G&BS 
*, **: the time recorded based on the geophone at the upper stream of Aiyuzi River.  ***: communication unstable, no records. 
****: G for geophone (GS-20 DX) and BS for broadband seismograph (Yardbird DF-2) 
a: epicenter at (22.87N, 120.14E), M=5.7 (Richter scale), distance to Shenmu station is about 103,394 m. 
b: epicenter at (24.10N, 121.73E), M=6.2 (Richter scale), distance to Shenmu station is about 109,231 m. 
(a) 
(b) 
Fig. 3. Comparison of original signals of geophone. (a) Nov. 10, 2011 (b) 0520 Rainfall (after Huang et al., 2017). 
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(a) (b) 
Fig. 4. Vibration signals of 0206 Hualien Earthquake at Aiyuzi stream, Shenmu (a) geophone (b) broadband seismograph 
The vibrational signal of ground surface is used for debris flow monitoring more widely than before in recent years. 
The major goal is to understand the characteristics of debris-flow signals and to be used for debris flow warning if 
possible. For this attempt, Huang et al. (2017) studied the in-situ data and pointed out that the intensity of frequency 
of 0~10 Hz reflects longer periods of signals observed usually a few minutes earlier than debris flows reached the 
location of geophones in some cases. However, the capability of capturing the low frequencies requires expensive 
high-resolution sensors, and this may not applicable in most cases. Therefore, another approach of estimating the 
energy of signals was tried and proposed to help debris flow early warning. Fig. 5 shows the energy per second 
estimated from the vibrational signals and energy per minute for signals of 0~31.25 Hz. It is obvious form the figure 
that peaks are at time close to the arrival of debris flow (jumps in the figure), in both time series of signal and energy. 
Also, the energy increases before reaches the peak. This finding provides a hint to determine if a debris flow is coming 
by calculating the change of vibrational energy with time. The energy change, i.e., the energy ratio in this study, was 
estimated by simply comparing the current vibrational energy with the background average value. The background 
average energy was defined as the average energy of all available data before the time point after which the vibrational 
energy started to rise clearly. For the purpose of early warning, different time steps of 10, 20, and 30 second were used 
to calculate the energy ratio.  
Table 5 shows the accumulated signal energy ratios from signals of 0~31.25 Hz and original signals. The higher 
ratios in the table indicated larger debris-flow scale, which was compliance with observations. The ratio of 
accumulated energy also implies that when the energy ratios of X, Y, Z axes are all or two of them greater than 1.12, 
a debris flow is highly likely to occur. Fig. 6 shows examples of vibrational energy of different time steps. It is noted 
that there is an increasing path of energy in all time-step estimates. The increasing path is useful to determine the 
tuning time point on which the early warning is based. Compared to the debris flow events, there were peaks of the 
vibrational signal energy of earthquakes (Fig. 6), but these are “lonely” peaks, indicating an abrupt jump without an 
increasing trend in time. The case of 0517 Rainfall in 2013, however, is an exception that has energy ratios of about 
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1.0, different to others in Table 5. This can be explained by the signal data in which there is no obvious peak in the 
energy time series (Fig. 7). 
(a)  (b) 
Fig. 5. Energy of vibrational signals (a) 0504 Rainfall in 2012 (b) 0520 Rainfall in 2014. 
Table 5. Accumulated Signal Energy Ratio (geophone at Aiyuzi upstream, Shenmu) 
Year Event (date) 
0~31.25 Hz Energy 
Ratio*, per min. 
0~250 Hz Energy Ratio*, per time step 
axis 10 sec 20 sec 30 sec 
2011 1110 Rainfall (11/10) 
X** 2.70 X 9.49 5.95 4.08 
Y** 3.52 Y 19.92 11.42 7.80 
Z** 2.40 Z 4.94 3.43 2.38 
2012 0504 Rainfall (5/04) 
X 1.91 X 1.67 1.65 1.60 
Y 1.21 Y 1.15 1.13 1.12 
Z 1.03 Z 1.03 1.03 1.03 
2013 0517 Rainfall (5/17) 
X 1.01 X 1.01 1.01 1.01 
Y 1.07 Y 1.07 1.04 1.01 
Z 1.03 Z 1.11 1.05 1.02 
2013 Typhoon Saulik (07/13) 
X 284.91 X 176.06 163.72 143.78 
Y 255.05 Y 142.53 122.82 123.89 
Z 105.10 Z 60.80 56.53 63.48 
2014 
0520 Heavy Rainfall 
(05/20) 
X 3.83 X 3.83 3.83 3.70 
Y 2.45 Y 2.46 2.43 2.35 




X 1.54 X 2.16 1.67 1.48 
Y 1.24 Y 1.38 1.21 1.19 




X 3.16 X 3.25 2.48 2.30 
Y 1.69 Y 1.78 1.53 1.55 
Z 2.51 Z 2.45 2.04 2.05 
*Energy Ratio = max. value / background value  **X and Y axes are plane directions perpendicular and parallel to the flow 
directions, respectively, and Z axis is the vertical direction perpendicular to X-Y plane. 
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(a)   (b) 
(c)                                                                                        (d) 
Fig. 6. Signal energy of study cases. (a) 0504 Rainfall, 2012 (b) 0520 Rainfall, 2014 (c) 0211 Tainan Earthquake, 2017 (d) 0206 Hualien 
Earthquake, 2018  
5. Conclusion
This study evaluated the vibration signals of debris flows and earthquakes observed in Shenmu area. The
characteristic frequency of debris flow is in the range of 0~31.25 Hz. In contrast with the debris flow, the characteristic 
frequency of earthquake is in the lower range of 0~10 Hz. The cumulative signal energy intensity was studied and 
found to be useful in determine the status of debris flow. A debris flow was highly likely to occur when the energy 
ratio of axes (X, Y, Z) are or two of them greater than 1.12, based on the cases in this paper. It is also noted that the 
increasing path of accumulated energy based on different time steps was useful to determine the turning time point. 
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The findings of energy ratio, in association with frequency characteristics, was practically promising for debris flow 
monitoring.  
Fig. 7. Signal energy of 0517 Rainfall, 2013  
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